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the Rigid Aortic Root
An Ongoing Dilemma to Avoid the Worst*Vinod H. Thourani, MD, Jessica Forcillo, MD, MSCA nnular rupture is a rare (1.1%), but fatalcomplication after transcatheter aortic valvereplacement (TAVR) (1). Injury to the aortic
annulus or root may occur during balloon valvuloplasty
of the native aortic valve, during prosthesis deploy-
ment, or after redilation of the prosthesis due to post-
deployment paravalvular leak. An aortic root rupture
can result in a free rupture that usually leads to either
emergency surgical intervention or death or as a con-
tained rupture or a periaortic hematoma. Annular
rupture is more frequently associated with balloon-
expandable compared with self-expandable prostheses
(1–4). The mechanism most frequently encountered is
during post-dilation of the prosthesis, and the rupture
can involve any portion of the aortic root (5,6).
Prevention of the aortic root rupture is of paramount
importance in the assessment of a patient evaluated
for TAVR. Operators should be cognizant of the anat-
omy and geometry of the root and its anatomic
relationships with adjacent structures. Severe calciﬁ-
cations of the aortic annulus and subannular left ven-
tricular outﬂow tract (LVOT), small annulus, bicuspid
valve, and a small left ventricular outﬂow tract are
potential markers for annular rupture (7). A retrospec-
tive study by Barbanti et al. (6) of 31 consecutive pa-
tients who experienced annular rupture demonstrated
that rupture was more prevalent in patients with*Editorials published in JACC: Cardiovascular Interventions reﬂect the
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the contents of this paper to disclose.LVOT/subannular calciﬁcation compared with patients
with only aortic cusps calciﬁcation. They also reported
that LVOT calciﬁcations located inferior to the right
coronary aortic cusp were more prevalent in patients
experiencing annular rupture. This is contradictory to
what was already reported stating that anterior calciﬁ-
cation may not impart the risk of annular rupture. They
also concluded that patients with root rupture had a
greater degree of area-based prosthesis oversizing
(>20%) and higher frequency of post-dilation.
A detailed pre-procedural assessment should
include a review of the echocardiography and
3-dimensional multidetector computed tomography
(MDCT). The relationship of the extent of annular,
subannular, and root calciﬁcation has been enhanced
with the addition of the MDCT to echocardiography.
However, it is undetermined whether the measure-
ment of values obtained from the MDCT correlate
with the nominal values of the devices used. Because
the device manufacturers use a circle to determine the
area correlation for the proposed size of the prosthesis
to be used, the true MDCT spherical annulus mea-
surements may be somewhat arbitrary. Consequently,
some have suggested that the perimeter and/or the
circumference measures of the annulus be used owing
to their lesser variability across the cardiac cycle (8).
However, this is generally the case for self-expanding,
not balloon-expandable valves. Clearly, we have still
to optimize our understanding of the relationship for
sizing using the current imaging techniques. In cases
in which we are unsure of the appropriate sizing by
preoperative imaging, we have generally performed
intraoperative balloon valvuloplasty sizing to conﬁrm
the optimal valve size.SEE PAGE 1727In this issue of JACC: Cardiovascular Interventions,
Tan et al. (9) from Vancouver have reported data on a
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1734very interesting and timely matter that is a common
discussion among clinicians performing TAVR. The
authors evaluated 47 patients at risk of annular
rupture who underwent underexpansion of an over-
sized TAVR balloon-expandable valve. They noted
that a strategy of deliberate underexpansion might
reduce the risk of annular injury without compro-
mising valve performance. They successfully noted
that none of their patients experienced annular
rupture. Moreover, paravalvular leaks (mild or less)
were found in 95.7% of their patients and post-
dilation was required in 10.7% of patients. This
study gives relevance, support, and credence to the
use of an underﬁlled larger valve under circumstances
where annular rupture is a concern. However, this
study is underpowered and does not allow precise
guidelines on the volume that should be removed for
each patient scenario. Furthermore, the current study
does not account for the subjective nature of deploy-
ment; it is not uncommon for the clinician inﬂating
the valve to not administer the entire volume in the
balloon when he/she feels signiﬁcant push back from
the annulus. Another area for future investigation
that was not included in the current study by Tan et al.
(9) includes the objective assessment of real-time
annular pressure push back as measured by atmo-
spheres on the deployment of the TAVR prosthesis.
Criteria for this technique have yet to be determined.
There remains some concern for the under-
expansion of a balloon-expandable TAVR valve. A
recent article by Abbasi et al. (10) demonstrated by
biomechanics’ in vitro experiences that incomplete
deployment of a TAVR induced localized high stress
regions within the belly of the TAV during diastole.
Usually the stress is localized at the commissures
with normal expansion. According to those latterresults, underexpansion could increase mechanical
stress and ﬂexural deformation on the leaﬂets and
may accelerate valve tissue degeneration. Clearly,
long-term results of structural valve degeneration
using the underexpansion strategy will be important.
Future areas of development for TAVR prostheses
are being created to minimize complications,
including the dreaded annular rupture. The SAPIEN 3
(Edwards Lifesciences, Inc., Irvine, California) has a
new skirt around the annular portion of the valve that
will, it is hoped, allow truer sizing of the annulus,
while minimizing the rate of paravalvular leaks.
Using software such as OsiriX (Pixmeo Sàrl, Bernex,
Switzerland) and 3-Mensio (Pie Medical Imaging BV,
Maastricht, the Netherlands) could be beneﬁcial in
facilitating preoperative planning of aortic valve
procedures by enabling rapid and accurate visualiza-
tion and analysis of the aortic root measurements.
This will allow more reliable and reproducible data
measurements. The use of circumference and perim-
eter measurements compared with the area of the
aortic valve should also be investigated. Adjuncts
such as the use of 3-dimensional transesophageal
echocardiography imaging and balloon valvuloplasty
sizing may also be beneﬁcial to correlate and conﬁrm
the imaging measurements. Although annular rupture
is a rare complication, it commonly has a disastrous
outcome. The team in Vancouver, once again, has
shed light on another technique for minimizing com-
plications, yet providing outstanding outcomes.
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